Background
Realdo Columbus first identified the presence of a heart tumor in 1559. However, it was not until 1934 that the first clinical diagnosis of a primary heart sarcoma was reported [1] . Primary cardiac neoplasms are extremely rare. The autopsy incidence is 0.0001-0.030% [2] , or around 1 in every 500 cardiovascular surgical cases [3] . The majority of tumors are benign (75%). Of the remaining 25% of tumors that are identified as being malignant, cardiac sarcomas comprise 95% of cases. Primary cardiac angiosarcoma is the most common histological subtype and constitutes 30% of those cases [4] .
Angiosarcomas are uncommon malignant neoplasms that most commonly occur in the skin, breast, liver, spleen, and deep tissue. Almost 50% of angiosarcomas occur in the head and neck [41] . Being a very aggressive neoplasm, they have a high rate of local recurrence and systemic metastases. Various parameters, including the primary site, metastases at diagnosis, and grade of the tumor, can indicate a poor prognosis. While surgery is the primary method of treatment, combination with chemotherapy and radiation is usually preferred. In primary cardiac angiosarcoma, males are usually affected more often than females, in a 2-3/1 ratio [5] . Although cases have been identified among a wide range of ages, most patients that are affected are younger than 65 years of age [6] . Casha [7] reported a case of primary cardiac angiosarcoma with familial incidence. The report described a 24-year-old woman with primary cardiac angiosarcoma who had a father that died at the age of 31 with the same tumor; histological and immunohistochemical features were identical. There have been 4 known reports of familial cardiac angiosarcomas since then. The patients had a mean survival time of 4 months compared to a 5-year survival rate of 14% in patients with sporadic angiosarcoma [8] . Angiosarcoma is most commonly found in the right atrium and frequently interferes with neighboring structures, resulting in congestive heart failure, pericardial effusion, and cardiac tamponade. The prognosis is poor and most patients succumb to disease within months of diagnosis [9] . The rarity of this diagnosis has made it difficult to standardize therapy, but surgical treatment is usually preferred. The exact benefits of chemotherapy and radiation are still being investigated [10] .
Previous studies and reviews have focused primarily on cardiac neoplasms as a whole. This paper aimed to consolidate information from each of these disparate reports in order to provide the most comprehensive understanding of primary cardiac angiosarcoma to date, with emphasis on diagnostic modalities and the preferred management strategies based on recent literature findings.
Anatomy and Histology
Primary cardiac angiosarcoma is an endothelial cell tumor. Nearly 90% of tumors occur in the right atrium as a multicentric mass. It is characterized by an aggressive and permeating growth within the surrounding myocardial wall, but can project into or fill the atrial chamber and invade the vena cava and tricuspid valve [11] . Less than 5% occur in the left atrium or ventricles [4] . Though the pericardium is commonly involved in right-sided angiosarcoma, as represented by a rate of 61% in a study by Butany and Yu [12] , it can also serve as the primary and only site of tumor growth [4] . Butany and Yu [12] also reported 2 cases of angiosarcoma originating in the right coronary artery. On gross examination, the tumors are usually hemorrhagic and necrotic, with a dark red or brown appearance ( Figure 1 ) [4, 11] . If the angiosarcoma spreads into the pericardium, it produces a thickened, gray-black layer [11] .
Histologically, angiosarcomas consist of highly variable endothelium-lined channels [9, 11] . Common characteristics include anastomosing vascular channels, which vary in size based on frequency of mitoses, solid spindle cell areas with minimal or no apparent vascular spaces, foci of endothelial tufting, and lack of calcification [4, 9, 13, 14] . Cardiac angiosarcomas have well differentiated vascular channels mixed with poorly differentiated solid areas of epithelioid cells and spindle cells. Tumors have been reported to have spindle cell proliferation that resembles Kaposi's sarcoma. The tumor cells have hyperchromatic, pleomorphic nuclei with frequent mitoses. There are 3 patterns seen histologically: a vascular area with anatomizing channels, a solid high-grade epithelioid area, and a spindle cell Kaposi-like area [15] . 
Immunohistochemistry
Immunohistochemistry is used to further differentiate angiosarcomas from other soft tissue neoplasms, but it should only be used as an adjunctive diagnostic tool. Staining is quite variable due to vast cellular heterogeneity within an angiosarcoma, as well as differences based on tumor location. In general, a combination of endothelial markers is needed for diagnosis. Table 1 describes commonly used vascular markers for identifying endothelial angiosarcomas. CD31 and FLI-1 (Friendly leukemia virus integration-1) are very sensitive for indicating both benign and malignant vascular tumors ( Figure 2 ) [16] [17] [18] [19] [20] . CD34 is also useful, but is less sensitive [19, 20] . Positive staining for CD31 and CD34 demonstrate the presence of vascular lumens throughout the lesion [21] . von Willebrand factor is expressed, but is considered the least sensitive marker for angiosarcoma, especially when the tumor is inadequately differentiated [17, 19, 20] . Meis-Kindblom's [22] study found factor VIII monoclonal antibody to be the most sensitive endothelial marker, but Suvarna [23] states that factor VIII lacks sensitivity and does not stain positive in most cases. Cytokeratin is positive in approximately one-third of angiosarcomas, although most of these cases are epithelial cell type-dominant tumors [19, 22] . Cytokeratin shows weak focal staining in angiosarcomas; strongly diffuse staining suggests an alternative diagnosis of mesothelioma or carcinoma [23] . Vimentin is positive in most endothelial angiosarcomas, but is also positive in other cellular lineages [17, 22] . Due to this non-specificity in staining, the presence of either cytokeratin or vimentin is not a definitive discriminant between angiosarcoma and other soft tissue neoplasms. The markers BNH9 and p53 are also of interest. BNH9 is a monoclonal antibody against blood grouprelated H and Y antigen. Studies by Meis-Kindblom [22] show angiosarcomas with a high positivity for BNH9, while Delsol et al. [24] demonstrate that BNH9 is negative for all soft tissue sarcomas except angiosarcomas. A study of p53 mutations in angiosarcomas showed that abnormalities of the tumor suppressor gene contributed to tumor formation and that frequency of mutation differed by the site of the tumor origin [25] . Another marker, Ki67, is often positive and is used as a prognostic factor. High values (≥10%) have been statistically correlated with poor survival outcome [22] . Ki-67 staining determined the proliferation rate of cardiac angiosarcomas to be 20-40% [15] . Fernandes [21] found alpha-smooth muscle actin staining positive in the vessels of the cardiac angiosarcoma lesion that was being studied. These results were corroborated by Meis-Kindblom [22] , who found that alpha-smooth muscle actin was in 24% of the evaluated tumors. Alpha-smooth muscle actin is frequently found in the pericytes that encircle the neoplastic endothelial cells [22] . Cardiac angiosarcomas have also shown strong, diffuse reactivity to Wilms Tumor-1. This can be very helpful in distinguishing the other types of cardiac sarcomas (synovial sarcoma, leiomyosarcoma, unclassified) from cardiac angiosarcomas [15] .
Symptoms
If symptomatic, primary cardiac angiosarcomas result in nonspecific constitutional symptoms like shortness of breath, weight loss, and anemia-related fatigue and malaise [4, 26] . Butany and Yu [12] reported 46% of patients presenting with chest pain as a chief complaint. The most common complaint is dyspnea [15] . This generalized symptomatology contributes to the difficulty in diagnosing such cases. More specific clinical findings usually manifest later in the course of the disease and are dependent on the extent of infiltration within the cardiac wall, infiltration into neighboring structures, and the extent of metastases. Patients are usually asymptomatic until the tumor has increased to a certain size or the patient has developed regional spread or metastases.
In addition, necrosis of the myocardial wall can lead to myocardial rupture [27] . The pericardium is frequently involved with right-sided angiosarcoma; cardiac tamponade and pericardial effusion are common complications. In a study by Hong et al. [2] , 56% of the patients presented with pericardial effusion with or without cardiac tamponade. Right-sided congestive heart failure and systemic symptoms secondary to obstruction of blood flow are other frequent clinical manifestations [6] . Other signs of right atrial tumor include valvular and caval obstruction leading to stenosis, systemic or pulmonary emboli, and supraventricular arrhythmias [28] .
Diagnosis
Early diagnosis of primary cardiac angiosarcoma remains elusive. Generalized symptoms and rarity of the disease often prevent clinicians from including this disease in an initial differential diagnosis. However, with new imaging technology, early detection of cardiac neoplasms has improved. The rate of ante mortem tissue diagnosis has improved from only 4 of 41 cases in a 1968 review, to 50% in 1986, 70% in 1992, and 82% in 2000 [12] . Physical examination, ECG, and cardiac catheterization are all used in evaluation. Imaging studies like CT, nuclear magnetic resonance, ultrasound, and echocardiography have emerged as preferred methods.
Echocardiography is the mainstay of evaluating cardiac tumors. Transesophageal echocardiography has 97% sensitivity in detecting cardiac masses [29] . Centofanti [30] considers echocardiography the most important diagnostic tool in identifying cardiac tumors. The location, shape, size, attachment, and mobility of a tumor can be found via transthoracic echocardiography, whereas transesophageal echocardiography provides information about the insertion point of the tumor. However, the authors suggested that if the patient's age is above 50, coronary arteriography should be performed to evaluate the coronary arteries.
Metastases are often widespread at the time of diagnosis [11] . The lungs are the most common site of metastatic disease, but the liver, lymph nodes, bone, adrenal glands, and spleen may also be involved (Figure 3 ) [12] . Butany and Yu [12] reported a notable increase in brain metastases among surgically treated patients. They postulated that the higher incidence may be due to greater dissemination of malignant cells into the systemic circulation with tumor dissection. In addition to echocardiography, CT should be used to gain a better understanding of the cardiac tumor anatomy and to check for systemic metastasis [31] . Cardiac MRI is better than CT in characterizing the soft tissue and distinguishing between different abnormalities specific to the myocardium. Cardiac MRI can help distinguish between thrombi and tumors in the cardiac cavity [29] . Kim et al. [32] described 2 distinct patterns visible on MR images, one of which is based on the tendency for angiosarcoma to be hemorrhagic and necrotic.
This results in localized nodular areas of increased signal intensity, dispersed among areas of low to intermediate signal intensity, to produce a cauliflower-like appearance. The second pattern is based on diffuse pericardial infiltration, in which linear contrast material enhancement along vascular pools demonstrates a sunray appearance [32, 33] . Pericardiocentesis and tissue biopsy are also used for diagnosis [26] . Pericardial fluid cytology is unreliable and should not be used. Malignant cells are very rarely found in the bloody fluid, even when the tumor has invaded the pericardium [29] .
In a study by Ge [15] , all the patients underwent open cardiac biopsy or surgical resection for tissue diagnosis. Although all of the patients' tumors were located in the right atrium, endomyocardial biopsies were negative [15] . Rettmar et al. [34] agreed that endomyocardial biopsies are a poor diagnostic tool, reporting that only 50% of their samples were diagnostic [34] .
For an accurate diagnosis, the authors suggest surgical exploration and intraoperative frozen sections [15] .
Treatment
The prognosis for primary cardiac angiosarcoma is poor, with a mean survival of 3.8±2.5 months without surgical resection [12, 35] . There have been no clear prognostic factors. Tumor grade, mitotic rate, age, sex, growth pattern, margin status, and proliferation rate have not shown any consistent pattern regarding prognosis. Ge's [15] study showed that tumor size and the extent of regional spread of the tumor was associated with time of survival. However, the study was limited by its small sample size [15] . Therapy is not standardized and the exact benefit of adjunctive chemotherapy and/or radiation is still unknown. The challenges lie in the rarity of this disease, the commonly advanced stage at diagnosis, and its aggressive course. However, given the tumor's high fatality rate, an aggressive approach utilizing a multimodality regimen seems to be favored. Thus, a number of different treatment combinations have been utilized, with varying results. There have been reports of survival times ranging from 12 to 30 months in patients with various combinations of surgery, chemotherapy, radiation, and/or transplantation [4] .
Surgery is a commonly chosen therapy, particularly in the setting of localized disease, in that it seems to provide the best option for palliative care and potential cure [12] . Patients treated surgically show a post-operative survival of 2-55 months, with a median survival of 14 months [5] . In studies utilizing medical therapeutics alone, 90% of patients died within 9-12 months [3] . Average survival among patients with heart transplantation, complete resection, or partial resection of tumors appears to be more or less equal [12, 39] .
Wide resection has been universally accepted as the main treatment modality. Wide resection provides a definitive histological diagnosis and relieves severe mechanical obstruction of cardiac output [30] . Studies have reported difficulty in achieving complete resection of tumors with negative margins. In cases in which complete resection is possible, patients commonly experience local recurrence [29] .
Orthotopic heart transplantation has been utilized in patients with high-grade angiosarcomas. Although it was shown that heart transplantation and post-operative chemotherapy did not change long-term outcome, many of these patients are young and have no other options [36] . The authors concluded that a multidisciplinary approach including systemic chemotherapy and local radical resection will give patients with primary cardiac angiosarcoma the best chance of survival [36] . A combination of resection, chemotherapy, and radiation therapy has led to reports of survival up to 3 years [30, 40] . However, Hong et al. [2] report poor outcomes with cardiac transplantation and therefore advise against it.
The primary site of the tumor may influence treatment planning. Right-sided tumors appear to be more bulky and infiltrative, with greater likelihood for metastases [3] . Blackmon and Reardon [3] suggested that patients with these tumors may benefit from neoadjuvant chemotherapy, with the intent of shrinking tumor size to maximize the possibility of total surgical resection. They reported a median survival time of 27 months, with 1 exceptional case of a patient still alive 9.5 years after surgery. Blackmon and Reardon [3] also noted that although left-sided tumors are less infiltrative, heart failure is commonly seen early in the disease course, and neoadjuvant chemotherapy is usually contraindicated prior to surgery.
Although it appears that most angiosarcomas are resistant to chemotherapy and radiation, aggressive treatment does seem to contribute to reducing tumor size. Chemotherapy and radiation are important in treatment of angiosarcomas because of the high probability of metastases [37] . Cisplatin, cyclophosphamide, dacarbazine, doxorubicin, ifosfamide, mitomycin-C, paclitaxel, and vincristine are commonly prescribed agents in standard chemotherapy [5, 38] . Immunotherapy has also been used, with 1 report showing a 30-month survival following a combination of surgery, chemotherapy, and recombinant IL-2 therapy [5, 28] . Most of the literature on cardiac angiosarcomas is based on clinical cases or single-institution studies. Management strategies, prognostic factors, and outcomes are difficult to assess overall; thus, no standardized treatment algorithms exist [2] .
Conclusions
Primary cardiac angiosarcomas are an extremely rare tumor with a fatal prognosis. Due to their aggressive and invasive behavior, early diagnosis is imperative for prolonged survival. Unfortunately, this tumor is often overlooked due to its minimal incidence and broad-spectrum of clinical manifestations.
If there is any degree of suspicion, clinicians should not discount cardiac angiosarcoma in the initial differential diagnosis. Early diagnosis can prevent tumor progression and metastasis, and can also provide an opportunity to assess different therapeutic combinations and modalities and develop a more standardized treatment regimen for cure or long-term palliative care. For now, surgical resection seems to provide the best chance for prolonging survival. Further investigation of endothelial angiosarcoma markers may provide insight into the etiology of tumor genesis at its site of primary origin and may also provide a more clear and precise profile of angiosarcoma. Until then, a broad-spectrum immunohistochemistry panel should be used and results should be assessed and combined with other diagnostic modalities to aid in the diagnosis and treatment of angiosarcoma.
